Abstract-The analysis of theoretical published data and our experimental data makes it possible to assume that the main difference between polyacrylonitriles prepared via emulsion and solution polymerization appears at the stage of synthesis. This difference is likely related to the freezing of the segmental mobility of strongly sorbed two dimensional chains that grow in a reaction gap of the latex polymer-monomer particles that is narrow in comparison to the undisturbed spectrum of relaxation times of the three dimensional entan glement network in the volume of polymerization solution. This factor is responsible for an increased con centration of long chain branches in polyacrylonitrile formed in solution and, correspondingly, marked retardation of the viscous flow of concentrated polyacrylonitrile solutions.
INTRODUCTION
The characteristics of PAN fibers used for the prep aration of carbon fibers and composite materials are dependent on the quality of the initial raw polymer. Supramolecular structures that form during fiber spin ning from the spinning solution and the subsequent orientational drawing primarily govern the physico mechanical characteristics of the resultant fibers. These characteristics can be improved by a high molecular mass, a narrow molecular mass distribu tion (M w ~ 10 6 , M w /M n ≤ 2), and a linear structure of macromolecules. A high molecular mass of a polymer creates evident difficulties for spinning because the absolute viscosity of the solutions increases. In addi tion, the rheological behavior of concentrated solu tions is sensitive to the concentration of defects in the microstructure of polymer chains. In this case, topo logical restrictions due to chain branching or, to be more precise, the presence of long chain branches play the key role [1, 2] . According to theoretical calcu lations [2] , if the length of a side branch is several times greater than the characteristic dimensions of the entanglement network in solution, the reptational motion of a macromolecule is almost fully frozen because the characteristic time of reptation is propor tional to an exponent whose value reflects the degree of polymerization of the side chain. As a result, "a negligible fraction of branching points (it cannot be detected by standard physicochemical methods) is sufficient to provide a complete change in the mechanical characteristics" [2, p. 263] . Hence, it is rheometry that makes it possible to gain information on the content of minor amounts of branches that cannot be detected via such methods as NMR and IR spectroscopy.
Traditionally, PAN is synthesized through het erophase (in aqueous dispersions) or homogeneous (in solution) radical polymerization. The problem of preparing high molecular mass PAN is effectively solved by radiation initiation because this process can be performed at relatively low temperatures and any rate of initiation. Because of the random character of radiolysis, radiation induced polymerization is aggra vated by the generation of middle chain macroradi cals on growing and terminated chains, and these macroradicals are able to initiate the growth of side chains. In turn, in the case of polymerization of AN via thermochemical initiation, for example, with the use of azo or peroxide initiating agents, the lower tem perature boundary is limited by the temperature of decomposition of an initiating agent, ~60°C, which is sufficient to effect the undesirable formation of branched chains. However, there are known low tem perature initiating agents that can be used at 25-35°С [3] . Therefore, violation of the regular character of the chain microstructure in the form of long chain branches can, in principle, occur during both radia tion induced initiation and substantial initiation. However, the implementation of all above possibilities depends on the topochemical implications of all ele mentary reactions in each particular mode of the poly merization process, and the rates of these reactions are sensitive to the conformational state and mobility of chains. Earlier, we identified the mechanism of the radiation induced emulsion polymerization of AN and estimated the rates of intra and interfacial ele mentary reactions in water and polymer-monomer . This experience has made it possible to demonstrate how the solubility of AN in water and the insolubility of PAN in water and its own monomer control the topochemistry of the process. However, several aspects related to the effect of the morphology of polymermonomer particles on the rate of some elementary reactions have not been analyzed. This problem is even more pressing because of an extraordinary effect that we revealed: a marked difference between the rheolog ical behavior of the solutions of PANs with similar molecular masses that were prepared through emul sion polymerization (EP) and solution polymerization (SP). The objective of this study to explain this effect by means of finding the correlation between the features of the polymerization mechanisms of AN for both modes of this process and the microstructure of the formed macromolecules. The practical aspect of this study is related to the possible use of the gained knowl edge to select a scenario of synthesis from all known procedures that is optimum with respect to the combi nation of a low viscosity of spinning solutions and acceptable parameters of molecular mass distribu tions.
EXPERIMENTAL
Procedures for the preparation of emulsion mono mer systems based on AN, water, and anionogenic emulsifying agent E 30 and scenarios of radiation induced emulsion polymerization (PAN 1-PAN 4) have been described in detail in [4] . Initiation in two other emulsion samples was performed through (i) the photochemical method with the use of the Irgacure 651 photoinitiating agent and UV irradiation from a DKsSh 150 lamp (PAN 5) and (ii) the thermochem ical method with the use of potassium persulfate (PAN 6). Samples PAN 7-PAN 9 were synthesized through the solution polymerization of AN in DMSO under γ irradiation or with the use of an initiating agent AIBN according to [4] . Table 1 presents the syn thesis conditions for PAN 1-PAN 9 samples. In our structural experiments, a PAN sample claimed as a linear atactic polymer by the Aldrich chemical com pany was used as a reference sample.
Once polymerization reaction ceased, the poly mers prepared through emulsion polymerization were coagulated via dilution with water. For the GPC and NMR analysis, the PAN samples were additionally dissolved in DMF and precipitated into isopropanol. The polymer samples prepared through solution poly merization were isolated via double precipitation into isopropanol from dilute solutions. The polymer pre cipitate was washed with acetone and then dried in air and vacuum.
The molecular mass characteristics of PAN were studied via GPC using polystyrene standards on a Waters liquid chromatograph equipped with three high resolution chromatographic columns (HR4, HR5, and HR6) packed with polystyrene gel. Mea surements were performed in DMF containing a 0.05 M LiBr additive at 65°C; the elution rate was 0.8 ml/min. To recalculate the molecular mass from PS to PAN, we used the following parameters: Q n = M n (PAN)/M n (PS) and Q w = M w (PAN)/M w (PS) that are equal to Q n ≈ Q w ≈ 0.35 ± 0.05. The calculation pro cedure for parameters of the molecular mass distribu tion of PAN has been described in detail in [4] . The results are summarized in Table 2 . The intrinsic vis cosity was measured on an Ubbelohde viscometer in DMF solutions containing 0.05 M LiBr at 65°С (Table 2) .
The rheological measurements of 5% solutions of PAN samples in DMSO at 25°C were performed at 25°C on a RheoStress 1 rheometer (Haake, Germany) with a cone-plane measuring unit. In this case, flow curves were recorded: Plots of viscosity η against shear 
